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Purpose: Malalignment plays a major role in knee osteoarthritis (OA)
and one therapy that is designed tomodify malalignment in the context
of knee OA is bracing. We hypothesize that the effect of bracing in
persons with knee OAwill be dependent on the extent of malalignment.
Methods: Participants from the Osteoarthritis Chronic Care Program
(OACCP) were followed for up to 52 weeks from March 2012 to March
2013 as part of a multidisciplinary approach to knee OA. The multi-
disciplinary approach consists of a physiotherapist, medical ofﬁcer,
rheumatologist, social worker, occupational therapist, orthotist, and
dietician providing individually tailored interventions to participants.
Participants with radiographic evidence of unicompartmental femo-
rotibial OA and evidence of genu varum, plus or minus adductor thust
through stance phase of gait were referred to the orthotist. X-rays of
participants with femorotibial OA referred to an orthotist for consid-
eration of bracing (Unloader One Knee Brace from Ossur) were ana-
lyzed. Radiographic measurements including the anatomical axis,
condylar angle, tibial plateau angle and condylar plateau angle (Fig-
ure 1) were obtained from the initial knee x-rays before the participants
knees were braced. In participants who had a knee brace, we tested if
malalignment from the x-rays before bracing took place for was asso-
ciated with the change in KOOS pain score at week 26.
Results: The 72 participants had a mean age of 66 years, were 57%
female and had a BMI of 30.6 kg/m2. 47 participants had complete dataFigure 1. Cartoon Of a typical varus knee. 1. Femoral anatomic axis line. 2.
Tibial anatomic axis line. 3. Condylar line. 4. Tibial Plateau line. A. Ana-
tomic Axis angle. B. Condylar angle. C. Tibial Plateau angle. D. Condylar
Plateau angle.at week 26 and are the focus of this analysis. Multiple regression was
used with change in pain at 26 weeks as the dependent variable, tibial
plateau angle and condylar plateau angle were used as co-variables and
the model was adjusted for age. The greater the tibial plateau angle, the
greater the pain response (b¼2.27, SE¼0.94, p¼0.019), and the greater
the condylar plateau angle the lower the pain response was (b¼-2.89,
SE¼1.22, p¼0.022). When the 72 patients who underwent bracing were
analyzed for week 26 pain response, the greater the anatomical axis
angle, the greater the pain response (b¼1.81, SE¼0.63, p¼0.01). There
was no trend suggestive of a relationship to condylar angle.
Conclusions: In our cohort, participants who were eligible for bracing
had improved knee pain from week 0 to 26. Tibial plateau, condylar
plateau and anatomical axis angles in participants with varus mala-
lignment who undergo bracing were associated with improvement in
pain. These measures may assist in identifying those most likely to
redeem an effect from knee bracing.
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PATELLOFEMORAL AND TIBIOFEMORAL BONE MARROW LESIONS
OVER FOUR YEARS: ASSOCIATIONS WITH PAIN AND
COMPARTMENT-SPECIFIC CHANGES
C. Ratzlaff, J. Duryea, R. Russell, M. Sury, T. Maetani. Brigham and
Women's Hosp./Harvard Med. Sch., Boston, MA, USA
Purpose: Bone marrow lesions are a well-documented source of pain in
knee OA. However they vary strongly by region of the knee joint and
longitudinally ﬂuctuate in size and by region. The natural history of BML
in OA is not well understood.
Patellofemoral joint (PFJ) osteoarthritis (OA) has received little epi-
demiologic attention despite accounting for the majority of sympto-
matic knee OA. It is more likely than the tibiofemoral joint (TFJ) to cause
knee OA symptoms, and even isolated PFJ OA can cause considerable
symptoms. It has been proposed that some PFJ OA may have its genesis
earlier in life in the form of anterior knee pain and/or patellofemoral
syndrome (Crossley et al, 2011, 2012). It is also possible that isolated PFJ
OA, and speciﬁcally PFJ BML, may be a precursor to tibiofemoral OA,
potentially through mechanical or inﬂammatory changes in the troch-
lea associated with BMLs.
We previously reported a strong cross-sectional relationship between
stair-climbing pain and PFJ BML volume in the baseline data knee OA
(Ratzlaff et al 2013). We were interested to see if that relationship
persisted four years later, and to track BML progression by
compartment.
The purpose of this study was to to investigate the relationship of BML
volume and weight-bearing pain for the TFJ and PFJ separately at
baseline and at 48 months, and to describe whether the location of
BML's at baseline remained within the same compatments (PF and TF),
or changed at 48 months.
Methods: A longitudinal study was conducted in 92 subjects from the
baseline data of the Osteoarthritis Initiative (OAI) Progression Cohort
who had high quality MRI images at 48months. Sagittal turbo spin echo
fat saturated (TSE FS) (0.357 x 0.357 x 3.0 mm, TR 3200ms, TE 30ms) IW
MRI were obtained on a 3T Siemens Trio MR system. A reader used
software to segment subchondral BMLs in the patella and anterior
femur (trochlea).
Primary outcome: Segmented volume of BMLs (mm3) in the patella,
trochlear femoris and in the weight-bearing femur and tibia.
Pain: We used the WOMAC pain sub-score and deﬁned the primary
outcome of knee pain dichotomously as moderate to severe pain (scores
2-4) on climbing stairs, standing, acquired at the same baseline and 48
month OAI visit as the MRI scans. Individual questions and the stair-
climbing pain score were tested for their association with BML volume
using the Wilcoxon rank sum test.
Compartment analysis: Subjects were categorized at baseline into one
of four groups at baseline, based on the presence of BML by compart-
ment. Groups were 1) no BML, 2) PFJ joint only, 3) TFJ only and 4) both
PFJ and TFJ (mixed). For each baseline group, the compartmental dis-
tribution was recorded at 48 months, using the same categories.
Results: The sample was 84% white, 52% male and were 90% K-L grade 2
and 3. Subjects with weight-bearing knee pain had greater median BML
volume than those without weight-bearing knee at both time points.
(Table 1). However, the strong relationsip between PFJ BML and stair-
climbing pain was no longer present at 48 months. The relationship
with BML and stair-climbing pain was no longer signiﬁcant at 48
months, though it was strongest in the weight-bearing femur (p<0.06).
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A246At baseline therewere 12 knees with only PFJ BML (Table. Of these 12, at
48 months there was only 1 that had PF BML only, with 1 knee devel-
oping BML in the TFJ only and the other 10 developingmixed TFJ and PFJ
BML.
Conclusions: The previously reported strong cross-sectional relation-
ship between stair-climbing pain and BML volume at the PFJ at baseline,
was no longer present at 48 months. Furthermore, 11 of 12 knees with
only PFJ BML at baseline went on to develop BML in the TF joint.
While further study is required, our results indicate that the PFJ may be
important earlier in the disease process for some subjects.Table 1
Location of BML by compartment at baseline, and at 48 months.
Baseline BML status (n¼92) BML 48mo (n¼92)
No BML PFJ Only TFJ Only Mixed
No BML (N¼14) 8 0 4 2
PFJ Only (N¼12) 0 1 1 10
TFJ Only (N¼22) 4 0 12 6
Mixed (N¼44) 1 0 7 36
Table 2
Associations of stair-climbing pain with median BML volumes e Baseline.
BML Volume No Stair Pain (n¼45) Stair Pain (n¼47) p-value1
Patellofemoral 31 mm3 388 mm3 0.01
Patella 0 mm3 211 mm3 0.00
Trochlea 0 mm3 27 mm3 0.02
Tibiofemoral 450 mm3 439 mm3 0.34
Femur (weight-bearing) 0 mm3 4 mm3 0.24
Tibia 306 m3 403 mm3 0.40
1 Wilcoxon rank sum test of the differences in medians across pain categories
Table 3
Associations of stair-climbing pain with median BML volumes e 48 months.
BML Volume No Stair Pain (n¼55) Stair Pain (n¼37) p-value1
Patellofemoral 71 mm3 164 mm3 0.18
Patella 0 mm3 0 mm3 0.28
Trochlea 1 mm3 102 mm3 0.39
Tibiofemoral 296 mm3 468 mm3 0.29
Femur (weight-bearing) 19 mm3 81 mm3 0.06
Tibia 155 m3 259 mm3 0.40
1 Wilcoxon rank sum test of the differences in medians across pain categories382
EXTRACTION OF ANATOMICAL LANDMARKS AND AXIS FOR 3D
COORDINATE SYSTEM CONSTRUCTION OF FEMUR AND TIBIA BONE
MODELS
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Purpose: Precise positioning on the knee is crucial in to the process of
observing changes in cartilage before and after arthritis surgery. A
robust method for creating anatomy coordinate systems (ACS's) for
three-dimensional (3-D) femur and tibia models is essential. However,
it is difﬁcult to apply traditional methods that require 3-D information
from the hip and ankle joints in practical cases.
Methods: The proposed method consists of ﬁve parts as shown in Fig. 1.
Firstly, a 3-D bone model is constructed from a set of binary 2-D bone
images before it is smoothed. The algorithm selects the images for
extracting a 3-D anatomy axis. Secondly, the centers of diaphysis
regions are used to trace the centers in the 3-D model after they arecalculated in the binary bone images. The principal component analysis
(PCA) algorithm is applied to extract the anatomy axis from the central
trace. In the 3-D model, the curvature is ﬁrst calculated before the
model is binarized, and then the binarized regions are labeled. Certain
landmarks can be found by analyzing features of the regions. Finally, the
anatomy axis and the landmarks are combined to construct a new
coordinate system for the distal femur and proximal tibia as show in
Fig.2. where, Plm is the center point of the landmark and vector La
represents the anatomy axis line. For constructing the ACS, ﬁrstly,
determine the point Plm~ that is the projection of Plm on La. O is the
origin in the new coordinate system. The vector OPlm becomes the new
coordinate system's x-axis. then,OPlm~ is orthoginal of Laand OPlm.
Fig.1. Flowchart of proposed new coordinate system construction.
Fig.2. Construction of ACS.Ă
